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Supplementary Figure 1. The SMS and pathogen type. Diagram in (A) indicates how a decision 
model could be built. (B) Distribution of SMS in patients with bacterial vs. viral infections. Of 11 
data sets, there were only three for which the SMS distribution showed a significant difference 
between bacterial and viral infections. 
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EMEXP3589 4 5 0.372 -0.298 14 0.413 

GSE15297 5 8 0.208 -0.13 21 0.943 

GSE20346 12 8 -0.0292 0.0438 43 0.734 

GSE25504 gpl13667 11 3 0.37 -1.36 32 0.011 

GSE25504 gpl6947 26 1 0.0888 -2.31 26 0.0741 

GSE40012 36 11 0.0348 -0.114 192 0.892 

GSE40396 8 22 0.182 -0.0661 95 0.765 

GSE42026 18 41 0.531 -0.233 536 0.00537 

GSE60244 22 71 0.188 -0.0583 901 0.28 

GSE63990 70 115 0.662 -0.403 6410 1.59E-11 

GSE66099 109 11 0.0595 -0.59 792 0.0808 
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Supplementary Figure 2. Study schematic. Schematic of the workflow for the multi-cohort 
analysis and discovery of the bacterial-viral metasignature. 
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Supplementary Figure 3. Forest plots of the seven-gene set. Forest plots of the genes in the 
bacterial/viral metascore across the discovery data sets. The x axes represent standardized 
mean differences between bacterial and viral infection samples, computed as Hedges’ g, in log2 
scale. The size of the blue rectangles is inversely proportional to the standard error of the mean 
in the study. Whiskers represent the 95% confidence interval. The orange diamonds represent 
overall, combined mean difference for a given gene. Width of the diamonds represents the 95% 
confidence interval of overall combined mean difference.  
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 4. Summary ROC forest plots for discovery data. Forest plots of the 
random-effects meta-analysis of the summary ROC parameters alpha and beta for the discovery 
data sets. Alpha roughly represents the distance from the line of identity (higher alpha = higher 
AUC) and beta represents the skew of the actual ROC curve [beta = 0 means no skew, and thus 
mirrored around the line from (1,0) to (0,1)].  
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 5. Summary ROC forest plots for direct validation data. Forest plots of 
the random-effects meta-analysis of the summary ROC parameters alpha and beta for the 
validation data sets. Alpha roughly represents the distance from the line of identity (higher 
alpha = higher AUC) and beta represents the skew of the actual ROC curve [beta = 0 means no 
skew, and thus mirrored around the line from (1,0) to (0,1)].   



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 6. Bacterial/viral metascore ROC in GSE53166. GSE53166 studied 
monocyte-derived dendritic cells stimulated in vitro with LPS or influenza virus, total N = 75 (39 
LPS, 36 influenza virus). 
  



 
 
 
 
 

 
 
Supplementary Figure 7. Schematic of COCONUT conormalization. Yellow indicates healthy 
(‘H’), red means viral (‘V’), and blue means bacterial (‘B’). Different crosshatchings are meant to 
indicate different batch effects. See Materials and Methods for formal mathematical details.  
 
 
  



 
 
 

 
 
Supplementary Figure 8. COCONUT conormalization of whole-blood discovery data sets. 
Upper panel: raw data. Lower panel: COCONUT conormalized data. COCONUT conormalization 
resets each gene to be at the same location and scale for control patients. Distribution of a 
gene within a data set is unchanged [median difference in T-statistics for healthy vs. disease 
within data sets is 0, range (-1e-13, 1e-13), across all genes and all data sets]. Housekeeping 
genes (ATP6V1B1) exhibit expected invariance with respect to disease. Genes expected to be 
induced by infection (CEACAM1) exhibit baseline invariance (no change between data sets over 
gray bars), but can vary in disease states between data sets (variously induced between data 
sets over black bars). Upper color bars indicate data sets. Lower color bars indicate disease class 
(healthy vs. infected/diseased state).  
 
 
 
 
  



 

 
 
Supplementary Figure 9. Bacterial/viral score in global ROC of non-conormalized whole-blood 
discovery data sets. The global AUC across all whole-blood discovery data sets is 0.93. Upper 
panel: score distribution by data set (blue = bacterial, red = viral). Middle panel: individual gene 
expression levels. Lower panel: housekeeping genes (grayscale). Note the highly varying 
locations and scales of the housekeeping genes. The dotted line in the upper panel shows a 
possible global threshold for discriminating infection type. 
 
  



 
 
 

 
 
Supplementary Figure 10. Bacterial/viral score in global ROC of COCONUT-conormalized 
whole-blood discovery data sets. The global AUC across all whole-blood discovery data sets is 
0.92. Upper panel: score distribution by data set (blue = bacterial, red = viral). Middle panel: 
individual gene expression levels. Lower panel: housekeeping genes (grayscale). The dotted line 
in the upper panel shows a possible global threshold for discriminating infection type. 
 
 
  



 
 

 
 
 
Supplementary Figure 11. Bacterial/viral score in global ROC of non-conormalized whole-
blood validation data sets. Upper panel: score distribution by data set (blue = bacterial, red = 
viral). Middle panel: individual gene expression levels. Lower panel: housekeeping genes 
(grayscale). Note the highly varying locations and scales of the housekeeping genes. The dotted 
line in the upper panel shows a possible global threshold for discriminating infection type. 
 
  



 
 
 

 
 
 
Supplementary Figure 12. Bacterial/viral score in global ROC of non-conormalized PBMC 
validation data sets. Upper panel: score distribution by data set (blue = bacterial, red = viral). 
Middle panel: individual gene expression levels. Lower panel: housekeeping genes (grayscale). 
Note the highly varying locations and scales of the housekeeping genes. The dotted line in the 
upper panel shows a possible global threshold for discriminating infection type. 
  



 
 

 
 
 
Supplementary Figure 13. Bacterial/viral score in global ROC of COCONUT-conormalized 
PBMC validation data sets. The global AUC across all PBMC validation data sets is 0.92. Upper 
panel: score distribution by data set (blue = bacterial, red = viral). Middle panel: individual gene 
expression levels. Lower panel: housekeeping genes (grayscale). The dotted line in the upper 
panel shows a possible global threshold for discriminating infection type. 
 
 
 



 
 
 

 
Supplementary Figure 14. The effects of age on SMS in COCONUT-conormalized data. (A) Age 
vs. SMS by pathogen type. (B) Log10(age) vs. SMS by pathogen type. (C) Log10(age) vs. SMS by 
data set. A-C only include infected patient samples. (D) Log10(age) vs. SMS shows both healthy 
and non-infected SIRS samples in addition to acute infections. In all cases, the GSE25504 age 
data are randomly distributed according to the mean age given in their manuscript, roughly 2 
weeks +/- 1 week because individual ages are not available. All ages=0 were reset as age=1/365.  
 
  



 
 
 

 
 
Supplementary Figure 15. SMS across all COCONUT-conormalized whole-blood data (both 
discovery and validation). The global AUC is 0.86 (95% CI 0.84-0.89). Upper panel: score 
distribution by data set (yellow = non-infected inflammation, purple = infections/sepsis). Middle 
panel: individual gene expression levels. Lower panel: housekeeping genes (grayscale). The 
dotted line in the upper panel shows a possible global threshold for discriminating infections. 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 16. IADM across COCONUT-conormalized public gene expression data 
including healthy controls. The included data sets and the score cutoffs used are the same as 
those in Figure 3. (A) Distribution of scores for IADM in COCONUT-conormalized data. (B) 
Confusion matrix for diagnosis. Bacterial infection sensitivity: 94.2%; bacterial infection 
specificity: 68.5%; viral infection sensitivity: 53.0%; viral infection specificity: 94.1%. ‘SIRS’ refers 
to non-infected inflammation. 
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Supplementary Figure 17. NPV and PPV for the IADM. NPV and PPV vs. prevalence for a 
diagnostic test with 94.0% sensitivity and 59.8% specificity. Red lines show an NPV of 98.3% at a 
prevalence of 15%, as a rough estimate for real case-rates of infection. 
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Supplementary Figure 18. GSE63990, adults with ARIs. (A and B) ROC curves for the Sepsis 
MetaScore and the bacterial/viral metascore. (C), Distribution of scores and cutoffs for IADM. 
(D) Confusion matrix for IADM. Bacterial infection sensitivity: 94.3%; bacterial infection 
specificity: 52.2%; viral infection sensitivity: 52.2%; viral infection specificity: 94.3%.  
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geneity  
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mean 
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weighted 

AUC 

OAS1 1.184 0.146 0.105 0.003 21.322 7 4.56E-16 5.43E-12 0.808 

IFIT1 1.422 0.203 0.192 0.007 19.389 7 2.47E-12 4.42E-09 0.826 

TSPO -1.233 0.177 0.141 0.009 18.858 7 3.42E-12 5.79E-09 0.781 

SAMD9 1.063 0.155 0.072 0.121 11.416 7 7.30E-12 9.66E-09 0.752 

EMR1 -1.074 0.158 0.054 0.206 9.705 7 9.39E-12 1.12E-08 0.768 

ISG15 1.625 0.242 0.278 0.008 19.227 7 1.79E-11 1.93E-08 0.829 

HERC5 1.361 0.207 0.178 0.032 15.336 7 4.58E-11 3.89E-08 0.794 

NINJ2 -1.008 0.154 0.048 0.223 9.434 7 5.75E-11 4.67E-08 0.741 

DDX60 1.303 0.200 0.159 0.042 14.565 7 6.91E-11 5.25E-08 0.797 

HESX1 1.107 0.172 0.091 0.116 11.549 7 1.28E-10 8.69E-08 0.749 

IFI6 1.292 0.204 0.199 0.005 20.207 7 2.28E-10 1.33E-07 0.794 

MX1 1.600 0.253 0.328 0.003 21.525 7 2.63E-10 1.49E-07 0.826 

OASL 1.192 0.189 0.195 0.001 25.432 7 2.73E-10 1.52E-07 0.788 

LAX1 1.114 0.178 0.103 0.097 12.125 7 3.59E-10 1.86E-07 0.769 

ACPP -1.143 0.183 0.135 0.035 15.099 7 4.41E-10 2.19E-07 0.777 

TBXAS1 -1.213 0.195 0.159 0.031 15.409 7 5.43E-10 2.55E-07 0.765 

IFIT5 1.076 0.174 0.126 0.027 15.825 7 6.47E-10 3.00E-07 0.760 

IFIT3 1.331 0.216 0.269 0.000 32.727 7 7.55E-10 3.42E-07 0.794 

KCTD14 1.163 0.190 0.161 0.011 18.106 7 8.80E-10 3.83E-07 0.739 

OAS2 1.379 0.230 0.346 0.000 56.480 7 1.99E-09 7.33E-07 0.830 

PGD -1.121 0.189 0.130 0.062 13.439 7 2.95E-09 1.01E-06 0.752 

RTP4 1.084 0.189 0.132 0.059 13.565 7 9.15E-09 2.68E-06 0.741 

PARP12 1.189 0.208 0.193 0.021 16.436 7 1.12E-08 3.13E-06 0.769 

LY6E 1.479 0.260 0.363 0.001 23.586 7 1.29E-08 3.48E-06 0.818 

S100A12 -1.067 0.190 0.135 0.056 13.727 7 1.81E-08 4.58E-06 0.737 

ADA 1.015 0.183 0.146 0.015 17.395 7 2.79E-08 6.47E-06 0.730 

IFI44L 1.727 0.311 0.568 0.000 31.320 7 2.90E-08 6.63E-06 0.823 

SORT1 -1.013 0.184 0.161 0.005 20.064 7 4.00E-08 8.89E-06 0.760 

IFI27 2.299 0.423 1.147 0.000 50.156 7 5.67E-08 1.16E-05 0.867 

RSAD2 1.573 0.292 0.528 0.000 35.451 7 7.48E-08 1.47E-05 0.825 

IFI44 1.519 0.283 0.493 0.000 37.895 7 8.24E-08 1.57E-05 0.816 

OAS3 1.285 0.240 0.344 0.000 33.835 7 9.09E-08 1.69E-05 0.808 

IFIH1 1.014 0.192 0.183 0.003 21.908 7 1.36E-07 2.42E-05 0.788 

TNIP1 -1.023 0.194 0.152 0.040 14.735 7 1.42E-07 2.50E-05 0.749 

RAB31 -1.167 0.225 0.284 0.000 31.645 7 2.27E-07 3.70E-05 0.753 

SIGLEC1 1.447 0.281 0.493 0.000 38.460 7 2.59E-07 4.13E-05 0.816 

SLC12A9 -1.215 0.237 0.306 0.000 27.836 7 2.87E-07 4.43E-05 0.786 



JUP 1.008 0.198 0.209 0.000 26.258 7 3.66E-07 5.40E-05 0.783 

STAT1 1.009 0.199 0.260 0.000 59.749 7 3.78E-07 5.51E-05 0.739 

CUL1 1.060 0.212 0.225 0.004 20.680 7 5.96E-07 7.91E-05 0.753 

PLP2 -1.246 0.250 0.325 0.002 22.620 7 5.99E-07 7.92E-05 0.768 

IMPA2 -1.428 0.290 0.485 0.000 29.554 7 8.28E-07 0.0001016 0.778 

DNMT1 1.071 0.217 0.222 0.012 18.048 7 8.34E-07 0.0001016 0.741 

IFIT2 1.103 0.226 0.273 0.001 23.533 7 1.01E-06 0.0001183 0.749 

GPAA1 -1.275 0.265 0.432 0.000 43.119 7 1.50E-06 0.0001581 0.775 

CHST12 1.177 0.246 0.342 0.000 27.608 7 1.62E-06 0.0001679 0.772 

LTA4H -1.585 0.332 0.666 0.000 36.759 7 1.76E-06 0.0007814 0.766 

RTN3 -1.045 0.221 0.307 0.000 46.192 7 2.39E-06 0.0002217 0.757 

CETP -1.132 0.242 0.333 0.000 29.766 7 2.86E-06 0.0002558 0.728 

ISG20 1.214 0.262 0.411 0.000 34.693 7 3.64E-06 0.0003074 0.758 

TALDO1 -1.138 0.246 0.344 0.000 30.764 7 3.66E-06 0.0003084 0.737 

DHX58 1.197 0.259 0.370 0.001 24.871 7 3.94E-06 0.0003259 0.732 

EIF2AK2 1.347 0.293 0.554 0.000 47.713 7 4.28E-06 0.0003486 0.796 

HK3 -1.109 0.242 0.304 0.002 22.157 7 4.53E-06 0.0003631 0.748 

ACAA1 -1.077 0.235 0.309 0.000 28.834 7 4.61E-06 0.0003681 0.745 

XAF1 1.300 0.288 0.552 0.000 55.144 7 6.56E-06 0.0004871 0.782 

GZMB 1.203 0.267 0.394 0.000 26.203 7 6.72E-06 0.0004952 0.770 

CAT -1.034 0.230 0.322 0.000 43.416 7 6.86E-06 0.0005017 0.710 

DOK3 -1.035 0.233 0.295 0.001 25.110 7 9.08E-06 0.0006200 0.709 

SORL1 -1.213 0.273 0.487 0.000 56.464 7 9.12E-06 0.0006216 0.777 

PYGL -1.157 0.261 0.375 0.001 25.452 7 9.46E-06 0.0006406 0.754 

DYSF -1.127 0.256 0.359 0.001 24.813 7 1.09E-05 0.0007144 0.748 

TWF2 -1.081 0.248 0.326 0.002 23.101 7 1.27E-05 0.0007883 0.736 

TKT -1.155 0.266 0.434 0.000 40.903 7 1.40E-05 0.000852 0.728 

CTSB -1.080 0.249 0.403 0.000 64.209 7 1.48E-05 0.0008831 0.695 

FLII -1.159 0.271 0.461 0.000 46.721 7 1.95E-05 0.0011014 0.716 

PROS1 -1.250 0.296 0.520 0.000 31.989 7 2.37E-05 0.0012745 0.708 

NRD1 -1.103 0.261 0.400 0.000 31.123 7 2.40E-05 0.0012827 0.730 

STAT5B -1.013 0.240 0.343 0.000 44.775 7 2.46E-05 0.0013136 0.736 

CYBRD1 -1.022 0.242 0.357 0.000 36.401 7 2.48E-05 0.0013183 0.715 

PTAFR -1.083 0.257 0.403 0.000 39.437 7 2.55E-05 0.0013482 0.727 

LAPTM5 -1.010 0.243 0.341 0.000 31.034 7 3.32E-05 0.0016574 0.718 

 
Supplementary Table 1. Significant gene list. List of all genes found to be significant (q<0.01, 
ES>2 fold overall, and ES >1.5 fold in both PBMCs and whole blood separately) in multi-cohort 
analysis. 
 

 



 

 

Supplementary Table 2. Test characteristics of the bacterial/viral metascore in direct 
validation data sets. 
 
 

 

 

  

 
sensitivity specificity 

true 
positives 

true 
negatives 

false 
positives 

false 
negatives 

GSE15297 0.875 1 7 5 0 1 

GSE25504 GPL13667 1 0.818 3 9 2 0 

GSE25504 GPL6947 1 1 1 26 0 0 

GSE60244 0.944 0.636 67 14 8 4 

GSE63990 0.948 0.614 109 43 27 6 

E-MEXP-3589 1 0.75 5 3 1 0 



 

 
Supplementary Table 3. Data sets with noninfected inflammatory conditions used to test the 
IADM. Other data sets are listed in Tables 1 & 2. ICU: intensive care unit. CAP: community-
acquired pneumonia. SLE: systemic lupus erythematosus.  
 
  

Accession 
Non-infected 

condition 
Infected 

condition 
Number 
Healthy 

Number 
Non-

Infected 

Number 
Infected 

GSE28750 Post-surgical adults 
Adults with 

community-acquired 
bacterial sepsis 

20 11 10 

GSE40012 
Non-infected SIRS in 

adult ICU 
Adults with CAP in ICU 18 24 47 

GSE66099 
Non-infected SIRS in 

pediatric ICU 
Pediatric sepsis, severe 
sepsis and septic shock 

47 30 120 

E-MEXP-
3589 

Non-infected 
hospitalized patients 

with COPD 

Hospitalized patients 
with COPD with 

respiratory infections 
4 14 9 

GSE22098 
Children and adults 
with SLE and Still’s 

disease 

Children with Gram 
positive infections 

81 141 52 

GSE42834 
Adults with sarcoidosis 

and lung cancer 
Adults with bacterial 

pneumonia 
118 99 19 



 

 

 

 

 

 

 

Supplementary Table 4. NanoString data (provided as a separate spreadsheet). Normalized, 

log2-transformed NanoString nCounter data for all genes in the IADM for the 96-patient 

pediatric validation cohort. 
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